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BORDEN’S REVIEW of NUTRITION RESEARCH 


NUTRITIONAL RELATIONSHIPS TO 
DENTAL CARIES 


By JAMES H. SHAW, Ph.D.* 


The past decade has been a time of rewarding adventure for investi- 
gators who are interested in the relation of nutrition to tooth decay. This 
decade was preceded by a prolonged period in which definitive experiments 
with human subjects were infrequent and often faced insurmountable ob- 
stacles. In addition, laboratory studies were either impossible or inconclu- 
sive by reason of a dearth of truly caries-susceptible animals and of controll- 
able caries bio-assay procedures. 

In the mid-forties a new era dawned. Within a short period, evidence 
of a reawakened interest and of new approaches was seen in geographically 
widespread areas. Three species of animals previously unused in dental lab- 
oratories—the hamster, the cotton rat and the rhesus monkey—were recom- 
mended for use in dental caries assays (1—3). A caries-susceptible strain of 
the common laboratory rat was described (4) and a nutritional procedure 
during tooth development was shown to increase caries-susceptibility in the 
rat (5). Large scale surveys of the effectiveness of the fluoridation of public 
water supplies began in several North American communities (6). Thor- 
ough evaluations of the reductions in dental caries incidence among 750,000 
European children during wartime dietary changes were published (7). An 
extensive survey of the influence of carbohydrate consumption in different 
physical forms by human subjects began (8). 

The data from these varied facets of the dental caries problem, coupled 
with new knowledge about the structure and the physiology of the dental 
tissues, have spearheaded the attack upon man’s age-old problem which still 
is America’s most expensive disease. A decade ago, the nutritional influ- 
ences upon tooth decay had to be discussed with caution and restraint. Today 
there are numerous well-defined, compelling examples of how specific nutri- 
ents influence dental caries. In the next few years, it is reasonable to assume 
from preliminary findings in various facets of this problem that additional 
specific nutritional relationships to tooth development and to dental caries 
susceptibility will be established. Possibly even more important still may be 
the development of dietary procedures based on improved abilities to select 
foods, to conserve the anticariogenic nutrients in foods or to fortify foods 
appropriately with these nutrients. 


* Assistant Professor of Dental Medicine, Harvard School of Dental Medicine, Boston, Mass. 






































2 BORDEN’S REVIEW of NUTRITION RESEARCH 


Stages in the Life History of Teeth 


For purposes of discussion of these nutritional effects, the life history of 
a tooth can be divided into three main eras: the developmental period dur- 
ing which the crown is forming and calcifying in the jaw, the period of 
maturation when the tooth is erupting into the oral cavity and its root or 
roots are forming, and the maintenance period while it is functioning in the 
mouth. The prolonged periods of development and maturation for human 
teeth prior to functional responsibilities are often overlooked. As an ex- 
ample of the time involved, let us consider the first permanent molar (6 
year molar), which is one of our more important teeth by reason of its large 
masticating surface and its keystone position in the dental arch. At the same 
time, it is the tooth most commonly lost because of tooth decay. Its histo- 
logical primordia are formed about the time the infant is born. For 21/4 to 
3 years, the organic frameworks of the enamel and dentin in the crown are 
being elaborated and calcified. By 3 years of age, the crown has attained its 
adult size but is not yet fully calcified. Eruption into the oral cavity begins 
between 6 and 7 years of age and its roots are completed after another 3 
years. Thus almost 10 years elapse between this tooth’s initiation and the 
attainment of its final form. 


Differences Between Teeth and Other Tissues 


In a discussion of nutritional influences upon teeth, we must recognize 
that at least three striking differences exist between the calcified tissues of 
the teeth and other tissues of the body. First, enamel and dentin contain no 
microscopically detectable capillary or lymphatic vessels to act as transport 
systems for nutrients. Observations with the standard microscope led inves- 
tigators to believe that the smallest structural units of enamel were inorganic 
prisms surrounded and cemented together by a sheath of interprismatic ce- 
menting substance. The 2 or 3 per cent of organic matter in enamel was 
originally believed to be entirely in these sheaths. However, recent observa- 
tions made possible by the high magnification of the electron microscope 
indicated that this concept was incorrect (9). Instead minute fibrils of or- 
ganic matter permeate throughout each prism in an intimate fashion. In 
addition, the interprismatic sheaths had deposited within them an appreci- 
able concentration of inorganic crystals. These intimate relationships be- 
tween the organic and the inorganic components of enamel suggest potential 
pathways to replace the conventional nutrient transfer systems. 


Second, calcified dental tissues do not have a microscopically or chemic- 
ally detectable ability to repair areas which are formed improperly or calci- 
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fied inadequately during development, nor does the tooth have an ability to 
repair itself after a portion has been destroyed by tooth decay or by a me- 
chanical injury. This is in direct contrast to the long bones where the Haver- 
sian systems are continually being remodelled and replaced and where dis- 
eased or fractured areas heal. Yet despite the above contrast, studies with 
radiotracer materials indicate that enamel and dentin are permeable to vari- 
ous inorganic ions. The inorganic elements of each area of mature teeth are 
capable of participating in an exchange process with comparable elements 
carried to the area by body fluids (10). Particularly interesting and thought- 
provoking was the observation in mature teeth that the interchange between 
normal and radio-isotopic elements in the enamel took place by reason of 
the contact of enamel with saliva. In contrast, the interchange in the dentin 
occurred by reason of the ions brought to the dentin by the blood supply in 
the pulp. Thus, saliva acts as the pathway by which systemic nutritional in- 
fluences are communicated to the enamel. 

Third, unlike other tissues, the calcified tissues of teeth have a partial 
change of environment midway in their life history. During the develop- 
mental period while the tooth is growing and calcifying, it has complete 
systemic contact through normal vascular and neural pathways. When the 
tooth begins to emerge into the oral cavity, the blood vascular supply to the 
results in inadequately calcified regions in the enamel and dentin (26). These 
enamel organ is severed, and the enamel surface comes in contact with that 
complex mixture of saliva, microorganisms, food debris, epithelial remnants, 
etc. which is typical of the oral cavity. Thus, instead of a systemic environ- 
ment only, the tooth has, in addition, an oral or external environment. The 
effects of this environment have to be studied and evaluated whenever a 
change in incidence of tooth decay results from a post-developmental dietary 
manipulation. 


Modern Concepts About Tooth Decay 


During recent years a number of facts have been established about the 
causes of dental caries. Some of these had been suspected for generations 
from human studies and have been demonstrated beyond reasonable doubt 
by definitive experimental trials with laboratory animals. For example, there 
is no longer any question that microorganisms are required to cause destruc- 
tion of tooth substance, although no specific organism or group of organisms 
has been implicated. This was demonstrated by experiments in which caries- 
susceptible rats maintained throughout life on a caries-producing ration 
under germfree circumstances did not develop tooth decay (11). Absence 
of the major salivary glands or interference with their ability to produce 
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normal saliva results in spectacular increases in tooth decay both in man 
and in experimental animals (12). Caries-susceptible rats with the normal 
microbial oral flora do not develop tooth decay if the caries-producing diet 
is introduced directly into the stomach as a means of preventing food accu- 
mulations around the external surfaces of the teeth (13). Caries-susceptible 
rats maintained on carbohydrate-free diets do not develop any evidence of 
tooth decay (14). 

The form in which various carbohydrate foodstuffs are provided to ex- 
perimental animals and human subjects is of particular importance (8, 15). 
When solutions of sucrose are fed, there is little tendency for carious lesions 
to develop. However, in granular form or in forms which adhere readily to 
the surfaces of the teeth, increased sugar consumption is responsible for 
striking increases in caries development in man and in experimental animals 
(8, 16). The extensive studies in a mental institution at Vipeholm, Sweden 
over the past 9 years are of particular interest (8). Sucrose was fed to large 
groups of patients at relatively high levels in a variety of forms. When as 
much as 345 gm. of sucrose were given daily in solution at mealtime, only 
very small increases in dental caries incidence were noted. When a compar- 
able amount of sugar was fed in bread at mealtime, somewhat greater, but 
not serious, increases in dental caries incidence resulted. When the sugar 
was supplied in chocolates, a still higher increase in new carious lesions was 
observed during the test period. The greatest damage was caused when 
much smaller amounts of sucrose were supplied in caramels and toffees be- 
tween meals. 


In each of the 9 groups studied, there was a wide variation between 
individuals in caries-susceptibility. In the groups which received the sticky 
candy supplements between meals, some individuals still remained caries- 
free throughout the carbohydrate administration period, even though many 
of the members of these groups were developing 10 or more new carious 
lesions per year. These individual variations with rather stereotyped dietary 
conditions within a group are of special interest because they stress the reality 
and potency of constitutional factors. 


These studies uniformly point toward the importance of the rapid oral 
clearance of sugar as one of the strong determining factors on the extent 
of tooth decay. Probably the rate of clearance of other carbohydrates from 
the oral cavity is of equal importance. It is obviously not possible to test each 
carbohydrate-containing food with the precision of these experiments. From 
these studies and those still in progress, a frame of reference can be devel- 
oped with which various foods can be classified into general categories. Ob- 
viously this will be a very helpful contribution to replace the current economi- 
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cally and palatably unfeasible emphasis in the dental realm on the drastic 
withdrawal of carbohydrates from the diet. 

Other carbohydrates than sucrose are effective agents for causing tooth 
decay and again the physical form in which they are ingested is a critical 
factor in determining the amount of tooth decay which results (17). Vari- 
ous antibiotic materials, such as penicillin and aureomycin, dibasic am- 
monium compounds and urea have been shown to result in reduced inci- 
dence of tooth decay among experimental animals, and in some cases also 
in human subjects (18-20). 

It would appear that each of the above influences upon tooth decay was 
mediated to a large extent by an oral environmental mechanism. In addition, 
strong genetic traits have been demonstrated in the rat and in the hamster 
and have been suggested in man but no mechanism for the operation of 
these traits at a biochemical level has been presented (4, 21, 22). Some 
idea of the importance of the oral environmental influences upon the initia- 
tion and development of tooth decay should be given. For example, in a strain 
of rats that genetically is highly prone to develop carious lesions, dental caries 
can be completely prevented after tooth development is complete by a germ- 
free environment (11), by feeding a carbohydrate-free diet (14), by tube- 
feeding the animals (13); or it can be partially prevented by ingestion of 
penicillin (18) or high amounts of fluorides (23). Each of these influences 
altered the oral environment sufficiently to overcome the proneness of that 
particular strain to develop tooth decay. On the other hand, when a strain of 
rats has a genetically high resistance to tooth decay, no matter how rigorous 
the oral environment is, carious lesions either do not develop or have a very 
retarded rate of growth. 

With this knowledge about tooth decay, it is fascinating to contemplate 
some of the well-demonstrated information about the epidemiology of tooth 
decay in various countries of the world. Why should the people of India and 
China have such a low incidence of tooth decay in comparison to the very 
high incidence of the people of Northern European countries, Canada, United 
States, Australia and New Zealand? Good evidence indicates that the average 
carbohydrate content of the Indian and Chinese diet is far in excess of that 
of the diets in the other countries listed above. In metropolitan areas of these 
Oriental countries, sugar and its products are readily available in high 
amounts. Does this mean then that systemic conditions of genetic origin are 
responsible for the difference in dental caries experience? Is this vast differ- 
ence solely due to variations in oral environment produced by some charac- 
teristics of their diets? Or are there some variants in these diets that cause 
the development of teeth of strikingly different caries-susceptibilities ? 
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It is unlikely that any investigator or philosopher can answer these ques- 
tions today. However, the difference in caries experience between these 
several population groups is one of the tantalizing problems that face today’s 
dental investigator. In this difference may well be some of the answers that 
are badly needed in this field. 


Nutritional Influences During Tooth Development 


With this background of related facts, let us examine the known relation- 
ships between nutrition and dental caries in the three eras in the life history 
of an individual tooth. Without doubt, the most striking influences occur by 
reason of nutritional effects during tooth development. There are classical 
examples of how nutritional deficiencies affect the development of various 
areas of the teeth. For example, the early studies of Wolbach and Howe 
demonstrated that the dentin-forming cells which are of connective-tissue 
origin degenerate rapidly during the scorbutic state and produce structurally 
imperfect dentin (24). Likewise these investigators demonstrated that the 
deficiency of vitamin A resulted in the degeneration and atrophy of the ena- 
mel-forming cells, the ameloblasts, which are of epithelial origin (25). This 
deficiency results in various abnormalities in the formation of the organic 
portions of the enamel. The former findings were in laboratory animals and 
have not been duplicated in human studies. Neither the prolonged deficiency 
of vitamin A nor of vitamin C during tooth development has been studied to 
determine if an altered susceptibility to tooth decay is caused in man. 

Another example of a well defined deficiency syndrome which causes ab- 
normalities during tooth development is rickets. Whether due to vitamin D 
deficiency or to abnormalities of calcium and phosphorus, rachitic periods 
result in inadequately calcified regions in the enamel and dentin (26). These 
demonstrations have been made both in laboratory subjects and in human 
beings. There is some evidence to suggest that children who had rickets dur- 
ing tooth development have a higher susceptibility to tooth decay than indi- 
viduals of the same community who did not have rickets (22). 

A fourth and undoubtedly very important area about which we have a 
wide knowledge, both from laboratory and clinical evidence, concerns the 
fluoride ion (6). Where the drinking water supplies naturally contain no 
detectable fluoride, or very small amounts, the incidence of tooth decay among 
the children who grow up in those areas is high. However, where the com- 
munal water supplies contain 1 part per million (ppm.) or more of fluoride, 
the teeth of the children who grow up in these areas are at least 50 per cent 
less susceptible to dental caries. For example, in Chicago proper where the 
water contains little fluoride, the incidence of tooth decay among the children 
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is almost three times as high as in several suburbs of Chicago where the water 
supplies provide in the neighborhood of 1.0 ppm. of fluoride. The difference 
in amount of fluoride manifests itself by appreciably higher fluoride concen- 
trations in enamel and dentin of the children in higher fluoride areas. 


Data also are available from a survey on the lonely island of Tristan da 
Cunha in the South Atlantic that fluorides borne by foods likewise are capable 
of giving a similar preventive effect when consumed during tooth develop- 
ment (27). In this case, the fluorides were provided by the high intake of 
seafoods by the islanders. Studies in this laboratory indicate that enamel and 
dentin of teeth from residents in Delhi, India have a fluoride content com- 
parable to those of individuals in other countries who have consumed water 
containing 3.0 to 4.0 ppm. of fluoride during tooth development. There is 
suggestive evidence that the fluorides in the latter case came from the use 
of sea salt as a condiment instead of the highly purified sodium chloride of 
American commerce. Possibly this is only one of several reasons why Indian 
nationals have such a low susceptibility to dental caries in comparison to 
United States citizens. 


Sufficient evidence has been collected from several areas where fluorides 
are being added to the water supplies at 1.0 to 1.2 ppm. to indicate that this 
mode of administration is as effective as the fluorides introduced by nature. 
Approximately one thousand communities in North America involving some 
18,000,000 people are adding fluorides under carefully controlled conditions 
to their communal! water supplies. This has been demonstrated to be an en- 
tirely judicious public health procedure. The best demonstration that fluorides 
at the levels suggested for water fluoridation are compatible with good health 
was provided in a detailed medical investigation in Texas (6). Representa- 
tives of the inhabitants of two communities, Bartlett and Cameron, were 
studied in detail by medical teams in 1943 and 1953. The former community 
had a water supply that contained approximately 8 ppm. of fluoride whereas 
the communal water of the latter community, situated some 30 miles distant, 
had essentially no fluorides. Even in view of the 8 times higher fluoride in- 
gestion of Bartlett residents, no detectable systemic abnormalities were de- 
scribed that could be attributed to the different fluoride content of these two 
water supplies. No indication has been presented elsewhere in the published 
literature of an increased occurrence of cancer, arthritis, or other ailments 
in areas of the United States where the water contains fluorides far in excess 
of the recommended level. More than 3,000,000 individuals in the United 
States have consumed fluoride-bearing water in excess of 1 ppm. of fluoride 
for decades and an additional 5,000,000 individuals have consumed amounts 
between 0.5 and 1.0 ppm. for long periods. 










BORDEN’S REVIEW of NUTRITION RESEARCH 


Presently there is no evidence other than in the dental area to indicate 
that fluoride is an essential nutrient at the levels consumed in drinking water 
supplies. Attempts to prepare a completely fluoride-free diet have not suc- 
ceeded because of the ubiquitous presence of small amounts of fluorides in 
all foodstuffs. The lowest available diet has not demonstrated any other phy- 
siologically significant influence of fluoride ingestion. However, there appears 
to be adequate evidence in the dental area to suggest that fluoride should be 
considered an essential nutrient if for no other reason than the striking bene- 
fits conferred upon the tooth when proper amounts of fluorides are consumed 
during development. 


Nutritional influences upon caries-susceptibility are also evident in dental 
caries statistics collected in European countries during World War II (7). 
In several countries, the incidence of tooth decay among the children de- 
creased by large percentages during wartime restrictions. The easiest inter- 
pretation of this data was based on alterations in the oral environment due 
to reduced availability of refined carbohydrates. However, this interpretation 
does not satisfy all the facts in the case. Close inspection of the yearly changes 
in the dental caries experience in these countries indicates that the major 
reduction in dental caries incidence did not occur until 6 or 7 years after 
hostilities and wartime restrictions began. Even though carbohydrate con- 
sumption had been reduced almost the full extent within one or two years 
after the war began, the full reduction in tooth decay did not occur until 4 to 
5 years after the carbohydrate restriction. Carefui study of these data indicates 
that a large part of these reductions must have been caused by the nutritional 
circumstances impinged during the developmental period on the formation 
and calcification of the teeth. Otherwise any oral effect would have reached 
its maximum influence within a year or two after its imposition. 

This type of observation has been greatly strengthened by experimentation 
with rodents and monkeys in which the ingestion of diets composed of natural 
foodstuffs during tooth development resulted in teeth which were much more 
caries-resistant than teeth of comparable experimental animals which devel- 
oped during maintenance on diets composed of highly purified ingredients 
(5, 28). Further laboratory studies show that the higher fluoride content of 
the natural diet was not sufficiently high as to be responsible but that other 
as yet uncharacterized entities within the mineral fraction were of importance 
(29, 30). 

This effect may lie partially in the calcium-phosphorus ratio of the diet. 
Sobel has shown that teeth which develop during the ingestion of a diet con- 
taining a high calcium-phosphorus ratio contained mineral components with 
a higher carbonate content than the mineral fraction of teeth which developed 
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during the ingestion of a diet with a low calcium-phosphorus ratio (31). 
Under these experimental circumstances, the animals with the high carbonate 
teeth had a significantly higher susceptibility to tooth decay (32). It is un- 
known whether this particular influence plays a role in the human population. 
Since the calcium-phosphorus ratios in the human dietary rarely would be as 
far from normal on either the high or the low side as was induced during this 
experiment, there is reason to suspect that this is an unimportant factor in 
determining the caries-susceptibility of a population. However, the possibility 
remains that other circumstances may be present during the developmental 
era to make human teeth more susceptible to less severe alterations of the 
calcium-phosphorus ratio. This experiment indicates with great clarity that 
certain nutritional influences can significantly alter the chemical composition 
of the apatite crystals which are deposited in the organic matrix during calci- 
fication. This observation is of real importance because there has been a ten- 
dency to take for granted that the apatite crystals are of the same composition 
regardless of the metabolic circumstances pertaining at the time of their 
deposition. 


Nutritional Influences Durin g Tooth Maturation and Maintenance 


The maturation period of a tooth is the era about which we know the 
least. There are several suggestions in the literature that the caries-suscepti- 
bility of rodents decreases as the tooth age increases (33-35). This suggests 
a change in tooth structure or permeability after emergence into the oral 
cavity. Radiotracer studies show that, after the tooth enters the oral cavity, 
it has an ability to incorporate inorganic ions into its structure at a rate in the 
neighborhood of 10 to 20 times as fast as the interchange in the adult func- 
tioning tooth and at a rate only about half that in developing crowns of teeth 
within the jaw (10, 36). 

Furthermore, the inorganic components which are being incorporated dur- 
ing maturation have their origin in the salivary secretions. The process of 
maturation of teeth is also demonstrable by histologic studies. Rats that had 
the usual exposure to a cariogenic diet during the maturation period had 
enamel that was much more permeable to certain histological stains than 
comparable teeth in animals which were tube fed (13). 

The metabolic changes during tooth maturation are influenced by the 
salivary glands (37). Rats were desalivated at various intervals after wean- 
ing. The subjects in the several groups were maintained on a non-cariogenic 
diet until the last group was desalivated. Then all subjects were transferred 
on the same day to a cariogenic diet on which they were maintained for the 
same length of time. Under these circumstances, the rats which were desali- 
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vated at weaning had the highest incidence of carious lesions; their litter- 
mates which were desalivated after tooth maturation was complete had sig- 
nificantly less tooth decay. These data suggest that saliva contributes in some 
way to the maturation of the teeth. It is not known how this takes place nor 
whether variations in the composition of the saliva alter the rate or extent of 
maturation. This relationship between saliva, maturation and caries-suscepti- 
bility indicates a type of metabolic situation which could result from an ad- 
verse nutritional influence upon the quantity or the composition of saliva. 

It is important as well as difficult during the maturation and maintenance 
periods to attempt to evaluate the effect of a diet upon the dental caries in- 
cidence in terms of its two potential components; the oral environment and 
the systemic influences. This evaluation is especially difficult in experiments 
with human subjects. 


A large number of experiments have been conducted upon the general 
influence of the diet on the incidence of tooth decay. These can be classified 
in two general categories; first, those where specific nutritional improvements 
were made in the diet, and second, those in which the diet was modified by 
the addition of one or another form of carbohydrate. In the first category 
were the classical experiments of Boyd with diabetic children in which diets 
of excellent nutritional quality were fed for long periods of time (38). Under 
these circumstances, the incidence of tooth decay was extremely low as long as 
the youngsters faithfully followed the recommended diet. However, along with 
the desirable nutritional nature of the diet, its carbohydrate content was much 
lower than the usual diet of American children. Similar studies were con- 
ducted at the Forsyth Dental Infirmary for Children. The outpatients who 
followed the dietary instructions were found to have significantly less tooth 
decay than comparable children who were not counselled (39, 40). Though 
these investigators interpreted the reduced incidence of dental caries on the 
basis of the improved nutritional quality of the diets, those workers who em- 
phasize the oral environmental relationships criticized this interpretation by 
reason of the reduced carbohydrate content of these diets. 


In the second category were the experiments of Koehne and coworkers 
(41, 42) in which institutional diets of questionable quality were modified 
by the addition of fairly large amounts of carbohydrates either in the form 
of sugar or candy. The increase in caries experience noted after the additional 
carbohydrate ingestion was interpreted by the investigators as a result of the 
deleterious influence on the oral environment. In contrast those researchers 
conducting nutritional experiments felt that the results reported by Koehne 
and coworkers had at least partially been caused by a further decrease in the 
nutritional quality of the diet. 
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There is actually no way in which the degree of influence of the oral and 
systemic factors can be differentiated from one another on the basis of the 
most detailed published data from these types of experiments. This is largely 
true because strict precautions were not taken to hold constant other factors 
than those under investigation. This comment obviously does not question 
the reliability of the results nor the efficacy of the procedures described for 
the control of dental caries. | 

While many dietary influences upon caries initiation after the teeth 
emerge into the oral cavity are dependent upon the oral environmental effects, 
certain experimental data presently cannot be explained by oral circumstances. 
For example, in studies reported by Haldi and coworkers, two diets which 
were closely alike in regard to their carbohydrate, protein and fat composition 
produced considerably different caries rates in the same strain of animals 
(43). Uniformly, rats fed one of these purified diets had a much greater 
caries incidence than littermate rats fed the other purified diet. This post- 
developmental effect can only be explained on the basis of the operation of 
some systemic influence. Since the composition and concentration of the three 
major components of the two diets were similar, this systemic influence must 
have been mediated by one or more of the several minor differences in the 
concentration of the minerals and the vitamins in the two diets. This influence 
may not have operated primarily through the teeth themselves, but possibly 
through the saliva or some other unrecognized pathway. 


Another investigation conducted during the post-developmental period 
was described by Nizel and Harris (44) in hamsters. Subjects fed a diet com- 
posed of corn grown in New England, and whole milk powder, prepared 
from milk produced in New England, had a high dental caries incidence. 
Comparable hamsters fed a diet composed of corn and whole milk powder 
produced in Texas had a significantly lower dental caries incidence. On the 
basis of chemical analyses, the New England and Texas diets had comparable 
carbohydrate, fat and protein contents; yet on this post-developmental basis, 
strikingly different results were produced by the two diets with respect to the 
production of tooth decay. 


A third experiment of this general nature with equally striking results 
has been published by McClure and Folk (45). When skim milk powders 
were heated mildly, appreciable increases in their caries-producing properties 
for rats were observed. Again the carbohydrate, fat and protein percentages 
were identical before and after the heating process for the three skim milk 
powders tested. As in the two previous studies, this effect appears to be in- 
explicable on the basis of a direct effect of the diets on the oral environment 
of the teeth. 
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A fourth series of experiments has been reported by Constant et al (35, 
46), in which the influence of various mineral supplements to low mineral, 
highly cariogenic natural diets fed post-developmentally was appraised in 
cotton rats. Supplements of citrate, lactate or acetate salts did not alter the 
incidence of tooth decay. Supplements of calcium carbonate, disodium phos- 
phate and various salt mixtures with or without calcium retarded the rate of 
development of caries in the erupted teeth. These investigators also noted 
that mature animals were quite resistant to tooth decay when fed the same 
low mineral diet that caused extensive tooth decay in weanlings. 

At present, there is no explanation for the influences observed in these 
four experimental studies. However, somewhere in them, valuable clues are 
contained which are needed to explain how and why such post-developmental 
differences are mediated by systematic pathways. Possibly this information 
may elucidate some of the seeming paradoxes seen in human populations. 


In human studies, there are relatively few examples of how nutritionally 
essential elements influence tooth decay after development is complete. One 
of these concerns vitamin D, whose post-developmental relationship to dental 
caries has been more intensively investigated than any other single nutrient. 
In a series of experiments which culminated in 1938 by a massive report, the 
Committee for the Investigation of Dental Disease (47) presented evidence 
to indicate that the administration of sufficient vitamin D to provide normal 
calcium-phosphorus metabolism caused the already erupted permanent teeth 
of youngsters to have significantly less tooth decay than similar teeth in chil- 
dren who had inadequate supplies of vitamin D. This observation has often 
been criticized and experiments in considerable number conducted in an at- 
tempt to corroborate or disprove the findings. However, the overwhelming 
evidence from these experiments supports the original observation. 


Surveys of the relationship of latitude and of hours of sunshine annually 
to the dental caries incidence of children in various regions, have indicated 
that the further north one goes the higher the incidence of tooth decay be- 
comes. Increases were reported from 289 decayed, missing or filled (DMF) 
teeth per 100 children between 25° and 36° latitude in the southern states 
to approximately 491 DMF teeth per 100 children between 43° and 46° lati- 
tude just south of the Canadian border (48). Likewise, communities where 
the annual hours of sunshine were higher had less dental caries incidences 
than communities where there were less hours of sunshine per year (49). 
Although these data are not absolute evidence of the benefits of vitamin D 
upon the incidence of tooth decay, they are highly suggestive that the addi- 
tional skin exposure to sunshine was responsible for at least part of the re- 
duced incidence in tooth decay. 
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A further example of a potential influence between a nutrient, post-de- 
velopmentally, and dental caries incidence is provided in the fluoride studies 
by Klein (50, 51). Children whose teeth were fully formed before they moved 
into a high fluoride area had a lesser incidence of tooth decay than children 
who remained in a low fluoride area. However, the former children never 
achieve the same degree of benefit that is obtained by children residing in a 
fluoride area throughout the entire life history of their teeth. 


Summary 


Many of the details of the relationship of nutrition to the development, 
maturation and maintenance of teeth are not understood. However, it has 
become obvious that the nutritional quality of our diet is of real importance 
in each of the three phases of the life history of our teeth. 

The best advice for any age group about the dietary regimen which will 
provide the best opportunity for healthy teeth is simple and straightforward. 
Fach of the basic seven food categories should be represented liberally in each 
day’s diet, and as many as possible should be present in each meal. For dental 
health, the best selection of foodstuffs is one where as many of the foods as 
possible are purchased in their natural state without execssive refining and 
where cooking procedures are mild with concerted efforts to conserve the 
original nutritive value of the foods. In addition, a liberal source of vitamin 
D should be provided daily throughout the entire period of an individual's 
growth and development. A minimum of sticky, high-carbohydrate foods 
which have a low rate of clearance from the oral cavity should be consumed. 
As snacks, in place of the above materials, fresh fruits, vegetables, fruit juices 
or milk are much to be preferred from a dental health standpoint. In the 
overall program, one of the most important facets which has to be considered 
on a nutritional level is the fluoridation of public water supplies. 

Unquestionably the greatest present hope for a reduction in the dental 
caries experience in future generations lies in the development of teeth with 
a higher resistance to tooth decay. By reason of the prolonged dental develop- 
mental period, this is not an objective that can be accomplished overnight, 
but requires ideal nutrition day by day for years. Furthermore, this objective 
is a difficult one because the results are not immediately evident when the 
teeth erupt into the oral cavity. Probably there is no better current example 
to demonstrate that our food today determines our welfare not only tomor- 
row, but a decade or decades later in life. The success or failure of this type 
of nutritional program ultimately depends upon the education of the indi- 
vidual consumer to appreciate the importance of good nutrition every day 
and at every meal. Success also depends on the ready availability of a wide 
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selection of nutritionally desirable foods. In these several regards, tremen- 
dous progress has been made in recent years through the joint efforts of 
educational institutions, public health agencies and food industries. Just as 
the occurrence of pellagra, beri-beri and scurvy have decreased in spectacular 
fashion, there is every reason to believe that dental caries, to a large extent a 
manifestation of nutritional abnormalities, can be decreased materially. 


Borden’s Review of Nutrition Research is published by The Borden Company 
as a public service, and represents the views of its authors. 
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